INTRODUCTION
In all low-frequency laboratory experiments tested samples (mainly of cylindrical shape) are located between metal plugs at high pressure applied to their ends. Because of the frictions at the interface between the sample and the plug ends, a tested sample would not deform uniformly, resulting in "barrel" shaped geometry during compression. This effect might not be important for stiff samples with the elastic properties similar to the surrounding metal plugs, one of each is an aluminium standard, but it can be significant if the sample is much more compliant than aluminium. In this study we investigated the "barrel shape" effect in a cylindrical viscoelastic PMMA sample of a length of 15 cm (acrylic material ASTM-D-5436, Spartech Townsend) using a low-frequency laboratory apparatus utilizing stress-strain relationship, which measures the complex Young's moduli of solids at seismic frequencies, confining or axial pressures from 0 to 70 MPa, and strain amplitudes 10 -8 -10 -7 (Figure 1 ). We used two pairs of strain gauges attached in the middle of the sample and at two centimetres from one of the ends. Each pair measures both axial and radial strains. To increase the effect, only axial pressure was applied to the sample; we present the results obtained with two axial pressures of 7 MPa and 15 MPa.
EXPERIMENTAL SET-UP
Our experiments were performed using a low-frequency laboratory apparatus based on the strain-stress technique with the longitudinal type of the forced oscillations (Spencer 1981) , which operates at frequencies between 0.01 Hz and 100 Hz and at strain amplitudes from 10 -8 to 10 The low-frequency apparatus ( Figure 1 ) consists of the frame, formed by two massive steel plates and four poles, and a set of units placed in the centre of the frame. The set includes a hydraulic actuator, a piezoelectric stack actuator PSt 1000/35/60 (APC International Ltd), an aluminium standard, and a steel plug. A specimen to be tested is placed between the aluminium standard and the steel plug. To avoid the frictions between the tested sample and surrounding plugs, the ends of the sample are glued to the plugs with epoxy adhesive (Selleys Araldite Super Strength). A hydraulic actuator (model RCS201,
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A study of the "barrel shape" effect Mikhaltsevitch, Lebedev and Gurevich ASEG-PESA 2015 -Perth, Australia 2 Enerpac) provides a static axial force to the specimen. The applied dynamic stress and the strains in the tested sample are measured by semiconductor strain gauges (type KSP-6-350-E4, Kyowa Ltd). One gauge is glued to the aluminium standard and the other two pairs of gauges are glued to the sample with epoxy adhesive; one pair is glued in the middle of the sample and the other at 2 cm from the bottom end of the sample. The strain gauge on the aluminium standard is orientated in axial direction, the strain gauges of each pair attached to the sample are orientated to measure axial and radial strains. The strain gauges are connected with a set of electric bridges (BCM-1 Wheatstone Bridge, Omega Engineering Ltd). The multilayer piezoelectric actuator transforms the periodic voltage, applied by an oscillator, into mechanical stress, which causes displacements in the aluminum standard and tested sample mounted in series.
The displacements modulate the conductivity of the strain gauges. A set of electric bridges transforms the modulated conductivity into electric signals, which, after digitizing by an analogue-to-digital converter (model 100, InstruNet, Omega Engineering Ltd), are received by an acquisition computer, where the signals are averaged and processed.
MEASUREMENTS AND RESULTS
The Poisson ratio and Young modulus of the sample were measured by comparing the strains detected in the sample and aluminium standard as it is described in detail by Spencer (1981) . The bulk K and shear  moduli of the samples can be found using relations
where  is the density of the sample.
The value of extensional attenuation is derived from the phase shift between the applied stress and the strain in the sample caused by that stress (O'Connell and Budiansky, 1978) .The uncertainty in the measurements of extensional attenuation is about ± 0.003.
The results of the experiments are presented in Figures 2 and 3 . Figure 2 demonstrate the increase of the bulk modulus with the frequency increase. According to the principle of causality, presented for linear viscoelastic systems by the KramersKronig relations (O'Donnel et al. 1981) , the increase of moduli should correspond to attenuation increase which is consistent with our experimental data presented in Figure 3 . As can be seen, the barrel shape of a sample does not affect the results of the measurements. Let us analyse this result. An output voltage of the electric bridge connected to a radial strain gauge is proportional to Δ~/ V R R  , where R is the resistance of the gauge, R  is the variation of the resistance at periodical stress.
On the other hand, Δ V is proportional to a radial strain
, where r is the radius of the sample, r  is the radius variation when a periodical stress is applied. So, we get

. If we assume that the barrel shape of the sample does not affect significantly the axial strain measured along the length of the sample, we come to the conclusion that the results of our low-frequency measurements should not depend on the radius of the sample (which varies if the sample has a barrel shape), but should depend only on relative change of the radius. This is true until the dynamic deformations are linear. 
CONCLUSIONS
The results of our study demonstrate that elastic and anelastic parameters of a cylindrical solid sample are independent from the location of the strain gauges on the sample. Our experiments confirm that the barrel shape of the sample caused by axial force does not affect reliability of low-frequency laboratory measurements.
